W h————d

Pt b

i Nf"‘wgm

. TE3ITS. OF A FULL-SCALE HORIZCNTAIL, TAIL SURFACE - - - fig® -

R )

. e . oAb
B - ‘i :.'!,‘-m ———
A

NAT IONAL ADVISORY COMMITTEE
FOR AERONAUTICS

L d

TECHNICAL NOTE BT

No. 1074 LA

IN THT LANGLEY 16-FCOT HIGH-SPEED TUNNEL _ - "7 o

By Carl F. Schueller, Peter F. Korycinﬂ{i T
and H, Kurt Strass .- e o

Lenpley Memorisl Aeronauticsal Laboratory o
Langley Fileld, Va. CoE T L T e

~FE

washington & . . o= oo
Nay 19416 oL

'l‘-:'w.
o

NAC

TARGLEY MENORIAL AFRong oien,

Laogiey Field, va,



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TRCENICAL O0TE No. 1074

TESTS OF A FULL~-SCALE HORIZONTAL TATL SURFACE
IX THE LANWGLEY 1€-FOOT HIGH-~SPEED TUMIEL

By Carl F. Schueller, Peter F. Korycinskl
and H. Kurt Strass

SUMMARY

Tests to determine the aerodynamic characteristics
of a full~scale semispan horizontal tail surfsce of a
fighter~type airplane have been conducted In the Langley
16~foot high-speed tunnel. The tests were carried to a
maximum lMacih number of C.7 except for model configura-
tions for which thie maximum allowable loads were reached
at lower specds. The results przsented show the effects
of elevator nose shape, elevator tralling-sdze angle,
and trailinz~edge strips on the aerodynamic character-
istics of the model., Results are also given for a few
measurserients of the external and internal elevator pres-
sures and the extent of laminar flow on the stebilizer.

Increasing the Mach nunber from 0.2 to 0.7 resulted
in a marked increase (-0,0015 to ~0.0032) in the rate of
change of hinge-morment coefficient with elevator deflec-
tion, a small Ilncrease (00,0025 to Q.0027) in the rate of
changs of hinge-moment coefficient with angle of attack
and an appreciable loss (0.51 tc 0.3l) in elevator
effectiveness. '

The Iincremental changes in elevator hinge-monent
characteristics due to modifying the elevator nose con-
tour were of about the same magnitude as would be. pre-
dicted by the use of recently published methods.
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INTRODUCTION

Past experience hasg shown that surface irregularﬁﬁes'

and deflections have detrimental effects on the aero-
dynamlc characteristics of horizohtal tall surfaces,
particulearly at high spseseds. Accurate estimates of the
characteristics of taill surfaces for high-speed airplanes
therefore require tests of full-gsceale models which are
reproductions of the tall surface to be used on the air-
planes. The model used in these tests was built by con-
ventlonal manufacturing methods and was for use on an
experimental ailrplane after completlon of the wind-tunnel
investigation.

The orlginal metal-covered elevator was tested )
through a range of Mach numbers of 0.2 to 0.7 to deter-
mlne the aerodynamic cihiaracterlstics. A few tests were
also made to determine the exbtent of laminar flow, the
external and internal elevator pressuros, and the effwct
on the aerodynamlc charactesristics of tralling-edge
gstrips and of lowering the elevator with respect to the
stabilizer,

Several profile modificatlons of a full-scale
wooden elsvator were tested at low speed to obtain the
efffsct of nose shape and tralling-edge angle modifica-
tions on the elevator characteristics.

COEFFICIENTS AND SYMBOLS

Cp drag coefficient (D/qS)
Ch hinge-moment coefficient (H/qEéabe)

Cr,  1lift coefficient (L/qS)

M. /2,
Cm piltching-moment coefficient (}£22€>
gs

Ll

{

LI
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where
D
H
L

-

Mc/h

and

Ul

drag of horlzontal semlspan tail surface
hinge moment of slevator
1ift of horizontal semispan tail surface

pitching monent about gquarter-cuor point 01 rie an.
eerodynamic chord F

gpan, inches
chord of horizontal tail, inches

root-riean~square of elevator chord behind hlnge
line, inches

dynamic pressure <%pV2>
density, slugs per cubic foot
velocity, feet per second
total area, square feet

P =P,

pressure coefficlient -—~——i>

96

static preassure at any point
Reynolds number

Mach numter

angle of atitack of stabillzer

angle of slevator chord with respect to stablllzer
chord (trailing edze down is positive)

Included angle at elevator trailing edge
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The subscripts outside tiie parenthieses. rapresent-
the factors held constant in the deteruiination of tle

parameters.

Subscripts:

e elevator

i internal
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o free stream

b balance

DESCRIPTION OF LIOD=L

The model was a full-scale semispan horizontal tail__w

surface of .a Lighter-type airplane. The alrfoil was made
according to the NACA 6€-009 profile, modified to have a
straight contour beyond the 72-percent-chord station.
The physical characteristics of -the model are given in

table I and figure 1. _ T

Stabllizer.- The stabilizer was of metal construc-
tion and metal covered. (See fig. 2.) ALl rivets were
flush and the surface had been filled, rubbed with abra-
sive cloth, and waxed to lnsrease the surface smoothness;
however, considerable surface waviness existed. The gap
between the elevator and stabilizer was approximately
1/li inch and was constant for &all elevator angles. In
order to reduce undesirable air flow through the elevator
hinge pockets, the model included cover plates, which ’
were attached to the top and bottom of each stabilizer
hinge bracket. -

Elevators.-~ The chordwise and spanwise dimensions
of a1l the elevators tested were equal. The hinge line

was located at 72.0 percent of the chord of the horizontsl

taill and the overhang was L8 percent of the elevabtor

chord (gb-= O.ho). No trim tab is used on the elevator

e
of thils a*rplane because the angle aof iacidence of tlie
stabilizer is adjustable in flignt. '

The metal elevator was of aluminum construction
with no vent or draln holes. The nose shape wasd seml-
elliptical, and the contour was a stralght taper behind
the hinge line, resulting in a trail1 z~edge angle of
approximately 13°. ' Ce

Elevators 1, 2, 3, and l. were constructed of spruce
and incorporated systematic modifications to the sle-
vator profile (fig. 3). Elevator 1 had a blunt nose and
straight taper behind the hinge line (¢ = 13°). Ele-
vator 2 had a blunt nose and a cusped contour bshind the

'

i

il
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hinge line (f = 7°). Elevator 3 had a modified blunt
nose and & cusped contour behind the hinge line (¥ = 79).
Elevator )| had a semislliptical nose, of the same con-
tour as the metal-covered elevator, and a cusped contour
behind the hinge line (@ = 7°). The coordinates ot
these elevators are given in tseble II.

Ezamination of the stabilizer and metal elevator
showed that the center line of hinge-bearing in the sta-
billzer brackets was approximately three thirty-seconds
of an inch above the chord line. On the other hand ths
hinge pins for the metal slevator were found to be slightly
above the chord line. As & rosult of these gtructural
irregularities, the upper surface of the slevator pro-
jected apyroximately one-~sixteenth of an inch above the
contour of the stabilizer for neutral elevator. The
elf'ect of these structural irregularities and the modi-
Iicatlons made to compensate for them will be discussed
later,

APPARATUS AND METHODS

Model Installation.- Inasmuch as a semispan model
was used, it was necessary to locate the center line of
the horizontal tail surface in the plane of the tunnel-
wall flat to vroduce alr-flow conditions more Elosely
simulating those of flight. (See figs, 1 and 2.)
Lebyrinth-type seals were used where the model support
went through the tunnel-wall rlsat to reduce to a minimm
the leakage of air from the test clhramber to the tunrel.

Hinge-moment measurement.- The elevator control
tube was extended so that it passed through the tunnel
flat and two self-alining bearings mounted on the tunnel
balance frame. The elevator hinge moment was transferred
through the elevator torque tube to a S~inch crank and
then through a jackscrew to the platform of a scale, The
Jjackscrew was also used to vary the elevator angle. The
platform scale was sattached rigidly to the bunnel balaznce
I'rame and, since all other related parts were also
attached to the tunnel balance frame, there was no possi-
bility of the hinge-moment mcasurements interfering with
the measurements of 1lift, drag, and pitching moment.
All force and moment data werc recorded simultaneously.
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Elevator angle measuremeént.- An autosyn was used to
me asure The elevator amngle. The transmitter was attached
rigidly to the stabilizer at the inboard hinge cut-cut.

A small plnion gear on the transmitter shaft was driven
by a large gear sector, which was rigldly attached to the
root of the elevator. Thus, any elevator deflection was
maltiplied by the gear ratio (approximately 12:1) and
transmitted elesctrically to the recelver. A cslibrated
dial attached to the receiver provided a combinuous
visual indication of the elevator angle. A templet was
used to check the zero reading of the autosyn indicator.
This system measured the elevator root angle witiiin *0.1°%

Angle~or-attack measursment.~ An inclinometer
located on & referernce suriace of the miodel support
system was used to measure the angle of attack of the - -
stabilizer. The measurement of tlie root angle of the
stabllizer is believed to be accurate within *0.05°.

Pressure measurements.- Pressure moasurements over
the nose and top surface of the metal-covered slevator
were made by the use of a pressure belt (0.090-inch~ ~
diameter tubes) located approximately i47 inches rrom the
center line of the airpiane (station L7). External pres-
sures were &also measured behind the middle hinge nocket
on the top surface of the elevator by means ol a small
pressure belt. These pressure belts are believed to
have no important effect on the pressure distributions.

The internal pressure of tie elevator was measvred
by open-end tubes located iIn two elevator panels. Cne
tube was located near the inboard end of the elevator
(station %0) and the other in the panel adjacent to and
on the inbcard side of the middle hinge pockét (station L7).

Tralling-edge strips.~ Strips of %—inch— or fz—inchE
diemeter tubing were attached to both surfaces of thke
metal elevator at the trailing edge. The method of
attaching the tubing to the elevabtor is shown in fig-

ure li. Strips that were full span, half span, aad
gquarter span in length were tested. The length of the
trailing-edge strips was varied by cutting equal lengths
from the root and tlp ends of the stripa. (See fig. L.)

Transition strips.- The extent of laminar flow over
the stebilizer, with metal elevator, was determined by
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fixing the transition with %-;nch~wide strips of carbo-

rundum omn the top surface of the stabilizer at conataut
parcentage of chord stations. Shellac was first applied
to the surface as a spanwise strip on which No. 57
powdered carborundum was evenly distributed. Upon com-
pletion of the tests with this transition strip, 1t was
removed and the vprocess was repeated -at a more formvard
station. At the 5-percent-cherd station tests were made
with the strip on the top surlface and also witl strips
on both the top and bobttom surlfaces. '

TESTS

Test data for the metal elevator were §enerally
obtained for angles of attacic of -39, 09, 3%, £°, and 9°;
elevetor deflections of .-130, —80,'—£°, ~10, (09, 20, 50,
90, and 14°; and M = 0.20, 0.35, 0.L5, 0.50, 0.55, 0.49,
J.05, and 0.70 vith the orliginal hinge positiorn. The
possible combinations of these variables were limited

by the maximum sllowabls load on The model, A few tests
also were made with the stabilizer hilnge braclzets lowered
3/%2 inch.

The wooden elevators were tested only at moderate
specds and a small ranze of angle of attack and elsvetor
angles. Tests to determine the effect of trailing-cdge
angle (elevators 1 and 2) were made with the original
hinge location. Tests to determnine the effects of nose
shape (elevators 2, 3, and L) were made with the sta-
bilizer hinge bracket lowered 3/%2 inchi. Tests of ele-
vator profile modifications, tralling-sdge strirs, &and
transition strips included only limited combilnations of
angle of attaclk, elevator angle, and spesed, usually
a = =39 4o 30, 8 = -8% to 9% sand M = 0.35.

REDUCTION CF DATA

The data presented in this report liavs been corzected
for bunnel-wall effects by the use of the reflection-
plane theory given in reference l. The prdojected frontal
area of the model was such a small part of the tunnsl
area that tunnel-constriction cor@éctions were negligible.
Algo, correctlons to pitching moment due to modsl deflicc-
tion and balance-frame deflecticn were found to be
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negligible, The corrected data were cross-plotted and
the values at sslectad angles of attack and elevdtor
angles were then plotted agalnsat Mach number. The average
dynamic pressures and average Reynolds munbers corre-
sponding to the test Mach numbers are shown in figure 5.
The Reynolds number 1s based on the calculated mean aero-
dynamic chord . of L.27 feet. The results herein are gen-
erally plotted against Mach number rather than velocity
or dynamic pressure because Mach number is considered to
be the dominating variable. The effects shown iIn these
plots, howsver, include eflfects due to distortlon of the
model under load and are not entirely compressibility
effects.

Tests were made with approximately a %uinch gan

around the model support at the btunnel flat, with this

gap reduced to a ninimwm by the use of a labyrinth seal, - -
and with the gap coripletely sealed with flexible tape.

These tests indicated that corrections to the serody-

namic coefrficisnts due to air le aitage from the test

chamber to the tunnel for the various leak conditions

tested were negligible for this setup. All tests were

rnade with the labyrinth-type seal around the modsl end

gap. - -

LTS AND DISCUSSIOn T T

Basic Data with Ketal Elevator

Effect of angle of attack.- The variatior of the
aerodynamic coefficients Cy, Cp, and C over a wide

range of angle of attacl: at low speed with the motal sle~
vator is shown in figure 6§ for & = -0.5° and 10.6°. The
low value of maximum C; obtained prompted a tuft atudy

to determine tlhie origin and progress of the stall., At

an angle of attack of 11° a local area of sewarated flow
appeared nesar the leading edge, centsered about 1 foot in
from the stabilizer tip and extending over aboiit L foot

of the span. As the angle of attacl was increased, the
separation spread backward alons the chord and lnboard
toward the stabhilizer root. i

Effect of Mach number.- The variation of the asro-
dynemic characteristics of the metal elevator wilth Mach
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number is shown in figure 7 for a = = 0%, 3°, 6°,

and 99 and a maximum test range of 3§ = lﬁo 50 -13°, The
increage in Cp with Mach number shown iIn thils Pigure
does not indicate that the critical speed of the tell
surface was attained in these tests. The piltching-monent
and 1ift coefficients would be expected, from Glauvert's
theory, to lncrease approximately according to tue

factor (l ~- M?) l/2; however, figure 7 does not cshow
an lncrease of thils order of magnitude. Ian Tact, for
sorme model configurations at small values of a and
large values of &, the 1ift coefficients decrease with
increasing Mach number, and this decrease is believed to
result from twilist -of the stabllizer when the 1lift was
obtained by deflecting the elevator. The elevator hinge-
moment coefficlent generally increeased with incrcasing
Mach number for & = 99 to -8°, 7Thig lncrcase was much
more rapld than the lincrease obtained by the wse of

Glauertls Tactor . ( @g 1/2. The failure of the tcst
data to 1ncrease ac"ording to Glauert!s factor is not
unexpected since this theory does not take into account
the effects of boundary layer and structural delformations.
At Mach numbers beyona the test range s ome c“anges in &1
coefficients are likely to occcur. '

Aerodynemic Parameters of Metal Elevator

Lift.~ The variation of the 1ift paremeters Cp,
and Crg of the metal elevator with Mach number is .
shown in figure 8. The lncrease of the param.et_er_-CLCL
with Mach number is less than would be predicted by the
use of Glauert'!s factor and no critical condltion 1is
apparent up to a Mach number of 0,70. The gradual
decrease of Crg with lMach number 1s an undesirable
characteristic and is belioved to be due to the gap
(0.005¢) between the stabilizer and elevator leading -
edge and partly to the elevator twist. Should th:e Value
of be used as an indication of elevator erfective-
neds, gigure 8(a) would 1indicate that the loss in ele-~

vator effectiveness is small &z the alrspeed 1s lacreased;

; CL@ da :
however, the ratio —= = — 13 usually used as a cri-
CLg 08 : _
terion ol elevator effectivensss. The variation of
3a/06 with Mach number as shown 1n figure 3(b} indicates

(18 ]
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that the elevator effectiveness decreased from 0.51 at
M = 0.20 to 0.3 at M = 0,70. Since Cp  and G,

would be expected to increase with speed and CL6

actually decreases with speed, the loss of elevator effec-
tilveness with increasing speed is ascribed to the decrease
in OL@' As mentioned previocusly, the decrease in CLG

with increasing speed is believed to result primarily
from the gap between the rear part of the stebllizer and
the elevator leading edge. This impression is further
substantiated by a comparison of the results of tests of
another full-scale tall surface at high speeds (refer-
ence 2) with the present model. The only important
difference between the two horizontal tail surfaces as
regards the change in CL6 with speed is the use of an

elevator seal on the model of reference 2, Any differences
in the variation of Crg with speed for the two models

must therefore be an effect of the slevator-gap con-
figuration., In figure 2li(a) of reference 2, the value
of CL6 is shown fto increase with increasing speed up

to the meximum test speed M = 0,68 when the elevator
gap was sealed and the elevator with no appreciable
fabric distortion (elevator 1) was tested, .

The theoretical elevator effscctiveness has been
calculated according to the theory of rererence 3 and 1is
20 percent higher than the exverimental value obtained
at M = 0.20. Since the thin-airfoil theory apnlies tc
flans hinged at the leading edge and no correction is
made for the increase in 1ift due to the balance arca,
the elevator with the baslance area would be exnected to
have a higher effectiveness. Reasonable agreement 1s
obtained, however, between the low-speed value of da o8
of 0.51 for these tests and the experimental value of
C.55 of reference . i

Pitching moment.- The varlastion of pltching-moment
parameters with Mach number 1s shown in figure 9. The

parsmesters Cma and  Cpg (fig. 9) increase in absolute

value with increasing Mach number. The parazmeter
(GCRJGCI)GV glves the positlon of the aerodynamic center

with respect to the quarter-chord point of the calculateé_
mean aerodynamic chord. The variatlon of the paramcter
chm/BCL>a with Mach number 1s presented in figure 9.

Wwher: the 1ift 1s obtained by changing the angle of
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attack, 6Cm/601> at & = 09, the acrodynamic center

of the alrfeoil shifts forward from 0.227¢ at M = 0,20

to 0,160¢c at 3 = G.70. Waen tlhe 1irt is obtained by
changing the elevator angle at a = 09, the acrodynanic
center of the airfoil shifts rearward from 0.529¢ at

14 = 0.20 to 0,670¢ at ¥ = 0,70, However, these changes
in the .locatlon of tue aerodynamic ceunter wwill havs nezg-
iigible efiect on the stability and control of the sirplane,

Hinge moment.- The effect of inecreasing Kech rumber
on the elevator hinge-imomont parameters is shown in fig-
ure 10, In gemeral, the overbalance of {y, &ud the
underbealance of Chg increased witii increasing Mach
nurber. In the absence of boundary-laver changes, the
elevator hinge-moment coefliciznt micat logically be
agsuned to lncrease in ebsolute wvalue W1th sPeed accorcing

/ 23142 : e
to Glauert'!s Tactor 1 -3 . However, the increase
in Chg with #Hach num er 1s anprcx_mately three times

this factor at 1§ = O, Turtasrmore, the increase
in Ch5 represesnts an increase of aporoximately 100 ncer-

cent in the hinge-moment coefficient. (See refsrence 2.)
Also shown in figure 10 are the values for zero and

100 vercent aerodrnamlc balance and balance effecitlvo-
ness., The values for zero aerodynemic balance have becn
calculated according to the theory presented in refer-~

ences 5-and A and, as such, do not include compressibi lity

effects. However, the low-sneed valuez nhave been extznded
through the spsed range tested to provide an sapproximate
eriterion for judging the experimeéntal values.

Effect of Tralling-Tdge Angle

The low-gpeed wvalues of Qh and Cy obtained
with the metal elevator (tralllng -edge ang?e i3 were
0.0020 and -2,0015, respectively. The resgults of tests
made at the Langley Laboratory of a scale model of the
complete alrplane and experlsnce with flight investiga-
tions on other eaeirplanes have shown that the value of
Chg should be approximately zoro-in order to avold advers

elfects on tlhie stability and contrel characteristics,
particularly in gusty air. Preliminary calculatlons
based on unpublished data indicated that. zero . Ch, could

be obtained by decreasing the trailing-edge rle from

approximately 130 to 7°. This change in elevafor shane
was obtalned by the use of solid woéd elevabors and is

illustrated in fizure 3%,

L0
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Hinge moment.~ The effect of btralling-edge angle
on the elevator hinge-moment cocefficient is shown in
figure 11 for three angles of attack and M = 0,35. The
nonlinearity of these curves prevents the exact use of
the usual parameters, but the 6° change in slewvator
trailing-edge angle resulted in changes in the pareameters
of epproximately ACpg = ~0,0013 and AChq = =0.0026.

The change in Cp, due tn reducing the trailing-edge
angle was of the desired magnitude, but the accompanying
increagse in Chg Was undesirable, The undesirable o
increase in Ch5 due to reducing the tralling-edge angle
may be nullified with no appreciable change 1n Cp by

changing the elevator nose shape. (Ses section en%itled
"mffect of Nosge Shape.%) ) )

Effect on drag.- The variation of the drag coeffi-
cient for elevators 1 and 2 (g = 13° and 7°, respec-
tively) with elevator angle is presented in figure 12
for three angles of attack and M = 0,35. The increase
in draz for a given increment of elevator deflection is
slightly more for elevator 2 (¥ = 7°) than for elevator 1

(@ = 13%),

Effect on 1ift.= In general, a decrease in elevator

tralling-edge angle was. accompanied by a slight increase
in 1ift. Reducing the trailing—ed%e angle from 13° to 7O
increased Cr, from 0.061 to 0,065 and Crgs from 0.031

to 0.032.

Effect on pltching moment.- Reducing-the tralling-
edge angle from 150 To 7O caused the center of 1lift to
be shifted rearward. The center of 1lift shifted from
22.6 o 24.2 percent of the mean asredynamic chord for
6 = 0° when the lift was varied by changing the angle
of attack. The center of lift was shifted from 56 to’
57.7 percent of the mean aerpdynamic chord for a = 0°
when tie 1ift was varied by changing the elsvator angle.
These changes agree qualitatively with other investi-
gations (reference 7).

Effect of Nose Shape

The- results of these tests for trailing-edge con-
filgurations showed that the desired vealue of Gy, could
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be obtained with a trailing-edge angle of approximately
T°. The reduction in trailing- edge angle, however,

caused an apprecieble increase (~0.0013) in the wvalue of
Chg - Since the originsl value of Gh@ obtained for the

metal elevator (~0.0015) was considered satisfactory by
the manulacturer, 1t " was desirable to reduce the aew velue
of Chg.  Reference 8 shows that the value of Cpy can

be changed, without appreciably affecting the value of
Cha’ by altering the elevator nose shape. Accordiagly,

gystenigdtlc alterations were made to the nose profile
until a satisfactory value of ¢y, was obtained. (lee
rige 3.) 5

Hinge moment.- The effect of the nose modificatlons
on the kinge-moment coefficient at a Mach aumber of 3.3
is shown in flgures 13 and 1. The nonlinearity of the
variatlon of the hilnge-moment coefficient with elevator
angle prevents an exaot me asure of the pareameter Chﬁ.__

Also,the difference in structural stifiness between the
wooden end rnetal elevators and the asymuwetry of tlie metal
elevator prcvents a direct comparidscon of the hinze-moment
paramsters cf the two elevators, Therefore, elcvator L,
which had a semlellipntical nose profile like the rebal
elevator,is used as a reference and only the lncroemental
changes in Chg &and Chg ' due to nosd modit'icaticns are
pressnted. Flgures 13 and 1l indicete that modifring

the elevator nose proile, to modlfled blunt shape (ele-
vator %) results in AChF = 0,0010 and uuh = 0.6092,
approxinately, and modlfylnb the elevator nose to tlhie
blunt shape (elevator 2) resulta in 4C,. = G, 0020 and
Ay, = 0.000L; consequently, an slevator. that Las a '

sllghtly grcater belance~moment srea tlan e;evator 7 will
nrovide the deslred decrease in Cy of 0.00153 and so
millify the adverse eflect of reduc?ng the tralling-edge
angle to 79, The tests of the wooden elevator therefcro
lndicate that the desired values of On, = 0 " and

Chg = ~0.0015 &av M = 0.%5 may be obtalned if the crizinal

metel .elevator profile 1s modified sc that it has & modi-
fied blunt nose shape (elevator 3) and & cusped contour
behind the hinge line (elevatcr 2),

The incremental changes In Cp due tc tna elevatcer

nose-contour modifications .arée of thke s ame order of
megnitude as would be calculated by the methiod of
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reference 8. As might be expected, very poor agreement
is obtained when the value of Ch5 for any one elevator

is calculated from the unbalanced section flap data and
corrected for balance effects by this method. More
precise methods for correcting secticn hinge-moment data
to finite aspect ratio are being developed at the preseinit
time.

Lift.- The effect of elsvator nose contour on Crg

is shown in figure 15 et & = 0°, M = 0.35, and a = =3°
to 3°. PFigure 15 shows that the 1lift increases slightly
as the surface digscontinuity between the rear portion of

the stabilizer and the elevator nose is reduced because,

as the contour of the tail surface approaches trat of

the true airfoil, optimum pressure distribution and lift

are obtalned.

Drag.-~ The effect of elevator nose contour on drag

is also shown in figure 15. The drag increases slightly
as the surface discontinulty between the rear portion of
the stabilizer and the slevator nose is increased.

Piltching moment.- The effect of elevator nose con-

tour on the pitching moment was not apprecisble and neo
data are presented.

Effect of Trailing-Edge Strips

Temporary changes in elevator characteristics are
often made by the use of traillng-edge strips. An inves~
tigation was therefore undertaken to determine, for this
full-scale tail surface, the combinations of lengthh and
dlameter of tralling-edge strips that could be used on
the original elevator as a temporary expedient to obtain

ChCL = 0, Various lengths of %uinchrand j;-inch-diameter
strips were tested at M = 0.%35 and o = -?0, 0°, and 3°

Hinge moment.~ Figures 16 and 17 show the varlation
of hinge-moment coefficlent with elevator angls for
various lengths of %—inch— and ]'-inch—dianeter trailing-

edge strips, respectively, at a = =39, 09, 39, andg

M = 0.35. 'Decreasing the length of the strip decreases
the slope of the hinge-moment curves, and no abrupt
changes in the trend of the curves occur. The data
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presented in these figures have been uzed to obtaln the
hinge-nonent parameters Chg and Chg shown in fig-

ure 18. The desired value of Chy = 0 can be obtalned
by use of & é-inchediameter trailing-edge strip extending
across 2l percent of the span or a f%-inch—diameter strip

extending across 38 percent of tihie span and centrally
located on the elevator, at the expense, however, ol an
undesirable Increase in Cpg. The effiect of speed on

the eflfectiveness of the trailing-edge strips 1is shown

in figure 19. ©No serious change of hinge-moment coefl ~
ficient or Cp, ©ccurs up to i = 0.6% wltih the
full-span %—inch-diameter strivs on the elevator tralling
edge. o o

Oof interest is the fact that the effects of the
trailing-edge strips on the hinge-iionent-coefficient
parameters, Cp, and Cpgs, and the 1lift parameter CLg
are directly opposlte to the effects due to bevellnp the
tralling edge; that 1ls, the use of trailing-edge strips
results in increases iIn the vaiues of Cpg, Chg, &nd
CL5’ whereas bevellng a tralling edge causes decrecases
in the values of these parameteras.

Lift.- The effect of varying the length of the
trailing-edge strips on 1ift coeffilcient is shown in
figure 20 for the %—inch—diameter strip and in figure 21
for the f%-inch-diameter strin. The use of fwll-span

strips of either diameter results in an appraciable
Increase in 1if't at the high elevator angles. This
increase in 1ift, however, affects only the value oI
Crgs ©the value of (Cp  remaining practically constant.

The wvalue of..CL5 increases linesarly with strip lengti;
the lincrease for the ;-inch- and §%~inch-diameter strips

o
o

is 17 and 15 percent, respectively, when the strip length
is increased from zero-span length to full-sgsuan lengktl:.

Drag.- The effect of the length of the tralling-cdge

strilps on drag coefficient for %-inch— and f%—inah—
& .

diameter strips 1s shown in figures 22 and 2%, resnsc-
tively., In general, the increase in drag due to



NACA TN No. 107l 17

lengthening the strips for the 1 inch-diameter strips
is double the increase which occurred with the ig—inch—

diameter strips. The maximum increase in drag coefficient
me asured with é-lnch-diameter, full-span strlps was

13 percent.

Pitching moment.- The center of 1lift was shifted
from 23 percent to 25 percent of the mean aerodynamie. .
chord for ~ 6 = 0° when the 1ift was increddsed by changing
the angle of attack, The maximum shift in the aerodynamic
center was from 52 percent to 58 percent of the mean
aerodynamic chord for a = 0° when the lift was increased
by changing the elevator angle. i :

Effect of Lowering the Elevator with
Respect  to the Stabilizer

The data presented in the section entitled "“Basic
Data with Metal Elevator' indicated that the metal ele-
vator trimmed at approximately -5° for a = 0% which is
believed to be a result of an error in the hingn loca~
tion (see "Description of Model") asnd possibly some
agymmetry in the elevator contour. A limited number of
tests were therefore made with the metal elevator lowered
to be more nearly &lined with the stabilizer in order to
determine the effect of this change.

Hinge moment.- The effect of lowering the hinge
line on the elevator hinge moment is shown in figure Eh
for three angles of attack and M = 0.35. The new hingeé’
position results principally in a shift of the hinge-
moment-coefficient curves for a limited renge of elevator
angles. The elevator trim angle at a = 0° 1is changesd
from -5° to -1° o ' )

Effect on 1lift, drag, and pitching moment.- No data

are presented to show the effect of lowering the hinge
line on Cr» OCp, and Cra because the efrfect was
negligible,
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Transition Strips

An investigation to determine the extent of laminar
flow on the stabilizer was undertealten, Carborundun
strips which are described in detail under "HMethods and
Apparatus" were used to fix the transltion location.

Bffect on drag.- Fixing the transition shead of its

normal location should result in an eppreclable increase
in dragz. No pronounted incresse in drag occurred as the
transition strip was moved forward on the upper surface
(fig. 25) to the 0.05c¢c location, and it is therefore con-
cluded that only a limited region of laminar Ilow existod,
possibly 0,10c. The lack of laminar flow cannot be
attributed to tunnel air-streanm turbulence, since the
turbulence factor rfor this tunnel 1s of the same order

of magnitude as the factor for the low-turbulence tunnel,
and extensive laminar flow is usually obtalned on smooth
models., Surface irregularitles near the stabilizer nose,
particularly a spanwise joint at 0,10¢, are pnrobably
responsible for fixing the transition location. Pig-

ure 26 shows the effect on drag of. locating the transi-
tlon strips on the upper and lower surface of the stabi-
lizer at 5 percent chord at & = 0° for M= 0.20, 0..5,
and 0.60., The ilancrement of drag caused by -the tran31—
tion strlps remains almost constant for a = -39 to 3°
and M = 0.20 to 0.60 and essontially equal to the
increase shown in flgure 25.

Bffect on elevator hinge moment.~ The effect on
elevator hinge moment of moving tie transition strip
forward is shown in Tigure 25 for & = 0Q° and 42, o = 09
and M = 0,45. The hinge moment decreases sllghtly as
the transition strip 1s moved forward. This effect is
belleved to be due to thickening of the boundary layer.

Effect on 1l1ft and pitching moment.- The eflect of
the transition-strip locatlon on C and Cy Was not
appreciable for any of the conditions tested.

Aerodynamic Hysteresls

Attempts to check some of the hingoe-nioment data
revealed apparent discrepanciles, the magnitude of which
appreclably exceeded the accuracy of the measurenents.

An investigation to determine the source of these dis-~
crepancles revealed that, for a glven model confircuration,
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two values of hinge moment could be obtained, depending

on the direction from which the desired elevator angle

was approached. -
EBffect on hinge moment.- Figure 27 shows the aero-

dynamic hysterssis efiect for elevator 1. In general,

the hysteresis was present for sbout 15° of the elevator

travel. The mexirmum deviation due to hysteresis 1is

approximately 2° of elevator angle. The hysteresis

effect shown in figuve 27 is representative of all of '

.The elevators tested which had g straight contour behind ——

the hinge line. Cusping the elevator contour behind the

hinge line and so reducing the trailing-edge angle to T7°

resulted in the virtual dlsappsarance of the aerodynamic’

hysteresis. Also the hysteresis disappeared for all

practical purposes at Llach numbers greater thean about

0.65. The asrodynamic hysteresis is probably related to

local boundary-layer sepearation on the rear part of the

elevator. "It is an obviously undegirable phenomenor,

which would possibly necessitate contimuous small adjust-

nents of the airplane trimming mechanism in f£light. _ )

Effect on 1ift, drag, and pitching moment.=- Inas-
much as the hysteresis was related to tke elevator con-
tour behind the hinge line, only a fraction of the total
ares was affectsd. As would be expected, the effect on
1ift, drag, and pitching moment was found to be negli—
gible and no data are presented. R

Elevator Pressure

The metal skin on both the upper and lower surfaces
of the elevator at station 50 (fiz. 28) bulged and failed
by tearing out from under the rivet heads at approxi-
mately 0.75cg . a5 a result of either a large local pres- =
sure difference across the elevator skin or local stress
concentrations. (See fig. 29.) The external and internal
Pressures ol the elevator were therefore msasured to .
determine whether a local aerodynamic condltlon_was e
causing the failure.

Two pressure belts were used to measure the external
pressures on the upper surface. One belt was located
at station L7 and a small belt at the station of failure
(station 50). No apprecisble differences were noted,
however, in the external pressures at stations 47 and 50
and only the pressures at station |7 are shown in
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figure 30, This Tigure shows no irregular or excessive
external pressures in the area of failure (0.750¢) at
M = 0,20, Additional tests made at N = 0,35 and 0.5
showed similer results and the bulge was therefore con-
cluded to be a result of a local sbtructursal weeakness.

The possibllity of venting the elevator in order to
nullify the pressure drop across the sikin and thus to
eliminate the skin deflection was investigated. It was
necessary to determine the internal pressure of ti.e ele-
vator before attempting to choose a vent location. FPF.z-
ure 31 presonts the effect of elevator angle on the
internal pressure céefficient P3; at a = 0° and M = 0,20.
The internal pressure was measured with normal leakaze
into the elevator and with all apparent opsnings suci as
the elevator hinge pockets sealed. A comparison of fiyg-
ures 30 and 31 shows that the normal elevator lealkage
provides probably the highest negative lntern&al pressure
and therefore the lowest pressure difference across tie
elevator skin; thus air vents would be of no practical
benefit., It must be concluded that structural loads
cause local stressz concentratlons at the middle hinge

pocket and result in failure of the skin at this location.

CONCLUSIONS

The following conclusions may be drawn from the
investigation described in thls report:

1. A large increase in hinge-moment parameter Gh6

(rate of change of hinge-moment coefficient with elevator
deflection) occurred for the metal elevator as tlie Mach
nmumber M was increased. The low-speed value of -0,0015
at M = 0.20 increased to -0.00%2 at M = 0.70. The
hinge-moment parameter Cha (rate of change of hinge-
moment coefficient with angle of attaclz) changed from
0.002l; at M = 0.20 to 0.0027 at M = 0.70 with a minirum
value of 0,0020 at M = 0.35,

2. The metal elevator effectiveness decreased wilith
increasing speed. This effect is believed to be & result
of the elevator gap being unsealed. The low-speed value
of 0.51 at M = 0.020 decreased to 0.3l at M = 0.,70.
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3. The wvalues of Qha = «0,0015 and Chq = 0

desired for this tail surface when used on the airplane
for which it was designed may be obtained by modifying
the original elevator to have a modified blunt nose (ele-
vator 3} and a cusped contour behind the hinge line
(elevator 2). o

k. The incremental changes in Opg due to elevator

nose~-shape modifications were of gbout the same magnitude
as would be predicted by the use of recently published
me thods.

5. Trailing-edge strips of %winch diameter and - -

2h percent span length on the -metal elevator reduced the
value of Cha = 0.0020 to zero, but with an accompanying

increase in Oy, from -0.0015 to =0.0040 at M = 0.35.

No appreciable loss of trailing-edge-strip effectiveness
in changing Op, was apparent up to M = 0.65.

6. The region of laminar flow over the stebilizer
was limited to approximately 10 percent of the stabi-
lizer chord..

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., March 11, 19L6
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TABLE I
PHYSICAL CHARACTERISTICS OF THE HORIZONTAL TAIL SURFACE

|

c : —

cp = 0.h8cq /*é_+]+ce = 0.28c—>
i ——— K . t
\ﬁ\_~‘___“_~__‘r (::::::::::::::::::::»

NACH b6-22F . A= L6Pps/

Alrfoll section . . .

. Modified NACA 6&-009
Semispan, b/2, in. .

112,90
. 56.0

- . . . L) -

Root chord, cp, in.

Tip chord, c¢, in. e e e 4 e v e 53.0
Area of semispan, 8y/2, sq in. s e e s e . . 5275,
Mean aerodynamic chord, in. + <+ « ¢« & + &+ + « « &« 51, 5
Aspect ratio, A7 7V . L v 0 e v w e ecita 6 76
Taper ratlo « « ¢« o v o & v v v s e e e s e v o« . o 0. 50
Area of stehilizer, Sg, sq INe ¢ o o & . e e 5259.0
Area of elevator, Sg, 8g in. "« + « .+ .+ < . . . 1429.0
Area of overhang, Sy, sdin. -. . v v « ¢ . .+ -596.0
Root-nean-square elevator chord.behlnd hinge S
llne, Ce, l"l- . . . . [ . L] - . - « [ . ] L] 15-7}
Elevator overhang, cb/Cg « « s + o « o« o & é

NATTONAL ADVISORY . e
COMMITTEE FOR AERONAUTICS EESANIAY



1074

NACA TN No.

2l

TABLE II

COORDINATES FOR WOODEN ELKVATORS IN PERCENI' CHQRD
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Figure 2.~ General view of the semispan horizontal tail installed in
the Langley 16-foot high-speed tunnel.
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Figure 29.- Detail of upper-surface skin failure
at station 50.
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